Introduction
Neglected tropical diseases (NTDs) cause significant morbidity and mortality worldwide and impose a large economic burden on endemic countries [1] . In 2006, the United States Agency for International Development (USAID) founded the NTD Control Program to target five NTDs in African, Asian, and Latin American countries, namely, lymphatic filariasis (LF), onchocerciasis, schistosomiasis, soil-transmitted helminthiases (STH), and trachoma; the three targeted STH infections are ascariasis, hookworm, and trichuriasis. The NTD Control Program supported national NTD control and elimination programs' efforts to integrate and scale up delivery of preventive chemotherapy (PC) [2] . PC is the administration of safe, single-dose drugs, either alone or in combination, as a public health intervention against targeted NTDs. Administration is characterized by population-based diagnosis, population-based treatment,and implementation at regular intervals. PC can be delivered as universal chemotherapy (i.e., mass drug administration [MDA] ), where the entire population of an area is targeted; targeted chemotherapy, where only high-risk groups (e.g., school age children) are targeted; or selective chemotherapy, where only screened individuals found or suspected to be infected are targeted [3] . Between October 2006 and March 2012, the program provided 589 million NTD treatments through the collaborative efforts of ministries of health, implementing partners, funders, and pharmaceutical donation programs.
The implementation of integrated NTD programs at the full national scale remains an important objective in many endemic countries [4] [5] [6] [7] [8] . Several theoretical frameworks for integration have been proposed; most protocols stress the importance of long-term commitments and concerted efforts of partnerships to realize NTD control and elimination objectives [9] [10] [11] [12] [13] [14] . However, there is currently a paucity of economic evidence on the costs of integrated PC delivery for NTDs, primarily due to the significant variation in program structures and operations [14] . Given the scarce resources and substantial costs associated with NTD control and elimination, there is therefore a need to accurately determine the cost of program implementation. It is also important to delineate funding commitments to ensure that additional assistance is used to complement available resources, rather than duplicate or replace previous efforts.
To allow governments to more easily enumerate costs and funding commitments for NTD control and elimination, the NTD Control Program developed the Tool for Integrated Planning and Costing (TIPAC). The TIPAC, a versatile planning and costing instrument, is designed to be used by members of a NTD program at the national level. For countries with decentralized political structures, the TIPAC can also be implemented at a subnational administrative level. NTD program and financial managers are the primary users of the tool; the involvement of other personnel, including representatives from partner organizations and ministries of education, improves the accuracy and completeness of the TIPAC data.
The TIPAC implementation process includes four main phases: 
Methods

The TIPAC structure
The initial 2009 tool was a one-page spreadsheet in Microsoft Excel which allowed users to enter cost and funding levels for planned NTD program activities.
A subsequent multisheet Excel workbook was developed, which enabled users to more accurately specify activity costs (i.e., list the component costs of individual activities). In 2009 and 2010, the tool was implemented in 14 countries (Burkina Faso, Cameroon, Ghana, Haiti, Nepal, Niger, the Philippines, Senegal, Sierra Leone, South Sudan, Tanzania, Togo, Uganda, and Vietnam) by technical advisers in collaboration with ministries of health. Based on these experiences, it was revised in 2012 to strengthen its functionality and user-friendliness, increase the transparency of cost inputs, and enable more advanced customizable reports. Prior to 2012, the tool was known as the Funding Gap Analysis Tool (FGAT). The newest version of the tool, available in Bahasa Indonesia, English, French, Portuguese, and Spanish, facilitates program planning and budgeting. The main improvements include a timeline of activities, an expanded capacity to enter information for non-PC NTDs, and a five-year projection of activity costs and PC drug needs.
The The planning and costing of activities are based on World Health Organization (WHO) treatment guidelines for implementing integrated PC disease control programs and the scope of the national strategic plans [15] [16] [17] [18] [19] . Table S1 summarizes the default activities and sub-activities captured by the tool; users are also able to add other activities and sub-activities. The countries represented in this study (Haiti, Nepal, Sierra Leone, and Tanzania) were selected to provide a diverse geographic distribution and varied disease landscapes for analysis. Of the four, Tanzania is the only country treating all five diseases, while Haiti, Nepal, and Sierra Leone treat two, three, and four diseases, respectively. Haiti and Sierra Leone targeted 100% of the endemic districts for treatment. Nepal targeted all districts for STH treatment, but is continuing to scale up treatment for LF and trachoma. Tanzania only provided data for 25 districts that were targeted with USAID funding, or 19% of the total number of districts. An additional 36 districts in Tanzania were supported by the African Programme for Onchocerciasis Control (APOC), but were not included in the TIPAC. Tanzania is using a phased approach to scale up NTD treatment and has not yet reached 100% geographic coverage. Key information on the national NTD programs is summarized in Table 1 .
Assessment of feasibility
All monetary values entered into the TIPAC were converted to US dollars ($) using the exchange rate provided by a government employee or technical adviser at the time of data entry (i.e., 
Results
The level of time and effort required for data entry varied across the four countries depending on the size, scope, complexity, and maturity of the programs. In most cases, ten working days were needed to enter the vast majority of the data; additional input and refinement was possible as new information became available. Each country program received incountry assistance from a trained facilitator who introduced the TIPAC to program managers and provided technical support during implementation. Programs were encouraged to appoint a national focal person to maintain and update the TIPAC for subsequent work planning. In all four countries, data were successfully generated that contributed to the following key objectives.
Objective 1: Estimate the costs of implementing integrated NTD programs in accordance with international guidelines and national plans of action
The epidemiological data captured in the Base Data module were used by countries to set targets and estimate annual costs to operationalize national plans of action. Table 2 summarizes the target age group, target population, and number of districts targeted for each disease in Sierra Leone. All four countries inputted program costs for PC and non-PC activities and complementary NTD control strategies (e.g., vector control). Both economic and financial costs were generated by the tool; financial costs excluded the monetary value of donated drugs (i.e., only cash disbursements were considered). Table 3 lists Haitian activity costs captured in the tool, excluding salaries and drug costs. Reports generated by the TIPAC also showed the cost distribution by sub-activity or line item.
In addition, countries were able to calculate the average projected cost per person for PC NTDs. Table 4 details the estimated aggregate and per-person economic costs in Haiti. These included implementation and operational costs, as well as the costs of donated and purchased drugs; salaries were excluded from these estimates. The NTD program managers were then able to determine the relative cost differences between diseases, which allowed for more informed planning and opportunities to reduce costs in subsequent years.
Objective 2: Quantify the existing resources of governments and donors
To illustrate the ability to quantify existing resources from government and donor budgets (e.g., bilateral donors and nongovernmental organizations [NGOs]), Table 5 shows the overall funding by activity and funding source in Nepal; the table includes salaries, but excludes drug costs and donations. All funds in Nepal were assigned to specific activities, subactivities, and districts, to match the funder's intent. The TIPAC results reflected the government of Nepal's funding commitment, as well as the allocation of resources through a pooled fund. While the money included in the pooled fund was provided by external donors, the government of Nepal decided how to allocate the money. The government funding and the pooled fund accounted for over 70% of the total funding.
In Sierra Leone, staff salaries contributed to 15% of the total program funding, while government resources allocated through the national budgeting process accounted for less than 1% of the total. This data helped the Ministry of Health and Sanitation (MOHS) better understand the annual costs of implementing NTD activities, the financial commitments of donors, and the resources required for scaling up to reach national coverage. It motivated the MOHS to increase their financial commitment for drug distribution, drug storage, and personnel salaries.
Objective 3: Identify the funding gaps of the national NTD programs
The TIPAC provided program managers with a valuable advocacy tool and an opportunity to communicate to funders how available resources aligned with planned activities and where additional assistance was needed. For example, in the four countries described in this study, the results of the TIPAC were used during annual planning to identify funding gaps and to guide the budget requests for USAID support. Notably, the implementation of the TIPAC in Sierra Leone reaffirmed that morbidity control and surgery (i.e., hydrocele surgery and lymphedema management) was underfunded. Johnson & Johnson therefore recommitted funding for hydrocele surgeries and physician training on novel hydrocele surgery techniques. Thus far, more than 150 patients have received free operations and 50 physicians have obtained supplementary training. In Nepal, the data entry process enabled the program to identify and quantify the funding gap, which corresponded to 10.3% (515,082/5,011, 643) of the total budgeted program costs.
Potential gaps in the quantity of drug units required for each targeted PC NTD and the associated costs were automatically calculated for each country based on their respective epidemiologic statuses and the entered program goals for the time period (i.e., population and number of districts targeted for treatment). This information was used to check against drug procurement records to confirm whether quantities of donated and procured drugs were sufficient to cover targeted districts. Table 6 summarizes the drug acquisition data from Tanzania.
Objective 4: Encourage the rational allocation of resources and coordination between governments, implementing partners, and donors
In Haiti, populating the TIPAC allowed the various partners, including departments within the Ministry of Public Health and Population (MSPP), to share information on the NTD activities they were conducting or planning. These activities included morbidity management, vector control through the use of long-lasting insecticide treated nets (LLITNs), and a new proposal to implement a second round of mebendazole for STH in targeted districts. Although the second round of mebendazole was not approved by the MSPP, further discussions led the InterAmerican Development Bank (IDB) to instead finance a second round of albendazole in five districts. Through this process, the MSPP gained an enhanced understanding of the contributions of its partners and adjusted implementation strategies when appropriate. Table 7 provides a summary of the work plan matrix and timeline in Haiti generated for the period of October 2011 to September 2012. Based on the user's selection of targeted months and years, the matrix provided a one-year overview of Haiti's activities and subactivities. This output was used by program managers to coordinate among partners and identify any spatial and temporal overlap.
Objective 5: Facilitate the identification of integration opportunities and annual planning of NTD programs
Given that the desired number of PC treatments administered is fixed, program managers were able to determine the costs of alternative PC approaches (e.g., standalone or integrated NTD activities in coendemic regions) and revise policies according to specific cost drivers. The implementation of the TIPAC in Nepal, alongside other strategic planning discussions, highlighted potential integration opportunities across the LF, STH, and trachoma programs. For example, the national NTD program in Nepal is now integrating information, education, and communication (IEC) materials for the three diseases. The program also considered integrating training procedures. However, due to the disease-specific training strategies and reports of serious adverse effects (SAEs) from previous LF PC rounds, the national program decided not to integrate training. Nepal's experience highlights the usefulness of the TIPAC for identifying integration opportunities, and it emphasizes the need to make country-specific decisions on which activities are feasible and appropriate to integrate.
Discussion
Health systems worldwide operate under relentless fiscal pressure to curb escalating costs. The emphasis on cost containment is heightened in low-and middle-income countries where scarce resources necessitate improved resource allocation for NTD programs. Previous studies calculating the costs of implementing NTD activities have mostly consisted of retrospective analyses of PC costs [20] [21] [22] . The data have usually been collected from interviews or financial expenditure records and entered into spreadsheets or databases. Before the TIPAC was developed, the WHO Regional Office for Africa (AFRO) introduced a tool to support African countries in defining comprehensive budget plans in accordance with their NTD master plans. The tool allowed users to approximate the costs of a multiyear NTD program using activity-based costing and served as a precursor to the TIPAC in understanding how national programs apply a comprehensive multiyear financing tool [23] . This knowledge, combined with the recognition of the need for an annual work-planning tool to produce an accurate and detailed estimate of funding and drug requirements, guided the development of the TIPAC. The main advantages and limitations of the TIPAC and the tool implementation process are presented in Box 1.
Generating accurate cost estimates
The ability to itemize activity costs in the TIPAC-enabled countries to generate detailed estimates of annual program costs. These cost estimates were used to inform funding requests and were helpful for countries when discussing funding strategies with stakeholders. However, like other costing tools, the TIPAC allows for some inter-user variability; the quality of the results depends on the accuracy and integrity of the inputs. As previously noted, Tanzania only provided data for 25 districts that were targeted with USAID funding, which suggests a narrow application of the TIPAC to plan and cost NTD control and elimination activities. The inclusion or exclusion of activities on the basis of the funding source biases results and represents a salient challenge when coordinating activities across multiple implementing organizations. It is also important to remember that the costs entered into the TIPAC reflect planned expenditures and not necessarily realized expenditures. In some cases, reliance on the tool may therefore establish expectations for funding. This may impact the validity of data if a user believes that entering a cost will increase the likelihood of future funding. To minimize the inflation of the budgeted costs, it is suggested that programs start planning based on program strategies from previous years and involve the national personnel responsible for finances. Additionally, a well-trained point person in the MOH who is in charge of managing the implementation process can help to set realistic goals and cost thresholds. In Nepal, data were entered by representatives with complementary technical, programmatic, and financial expertise. Overall, a participatory data entry process that involves multiple stakeholders improves the transparency and quality of the TIPAC results.
Calculating funding commitments and gaps
The results of the TIPAC highlighted the commitments made by governments and implementing partners. In particular, the TIPAC's automated calculation of government salaries outlined national ownership of NTD programs. Countries with limited resources may not be able to allocate substantial funds through their national budgeting process, but can show their commitment through the employment of full-and part-time employees for NTD control and elimination. Goldman and colleagues noted the importance of capturing government choices of resource allocation but faced challenges estimating the proportion of staff time spent on LFspecific efforts [21] . By allocating the entire salaries of full-time staff to program costs and apportioning the salaries of part-time staff based on the number of event and travel days entered, countries that used the TIPAC eliminated recall bias that may arise when government employees are asked to track their time spent on NTD activities.
Inter-country differences in cost allocations were expected due to variations in population sizes, disease burdens, relative purchasing power parities, levels of integration of sub-activities, and year-to-year fluctuations in program foci (e.g., changes in mapping needs and treatment histories). This study did not analyze differences in costs across countries. As costs were entered in current dollars for a given year, comparisons over time and across countries regarding funding commitments and achievement towards closing gaps would need to be converted to a base year. It would be useful, however, to monitor the progress of programs towards narrowing funding gaps over time. Levels of funding support are expected to change as donors re-evaluate funding commitments and strive to eliminate funding gaps.
Improving coordination
For nationally-owned programs, it is important that ministries of health have a comprehensive overview of the activities that are implemented and the funding that is allocated to NTD control and elimina- tion. This is necessary to ensure effective coordination between stakeholders and rational allocation of resources. For example, the Global NGO Deworming Inventory has noted that although many NGOs administer deworming treatments, the national programs and the wider deworming community are often unaware of these efforts [24] . By providing a structured process for sharing planned activities and funding commitments as part of annual work planning, TIPAC implementation helped to improve coordination of activities among the countries studied and discouraged the duplication of tasks. In Haiti, sharing preliminary results from the TIPAC stimulated additional partners to contribute information about their NTD prevention efforts. The process of sharing activity and cost information through the tool provided a mechanism for external partners and the MSPP to coordinate activities as part of the national strategic plan for NTDs. During the implementation of the TIPAC, it was observed that the process can be time-consuming. If the involved personnel are not able to participate throughout the entire data entry period, it may decrease the accuracy of the cost estimates and limit the use of the tool for coordination. It is therefore recommended that countries accumulate the relevant data (e.g., target populations and unit costs) prior to implementing the TIPAC. Also, after the first year's entry, users are able to populate the tool more quickly as they become accustomed to the tool and can use the stored information from previous years. The NTD control program members in all four countries expressed positive experiences collaborating with colleagues during the data entry process; this finding may be applicable to any process or tool that helps organize and share programmatic, epidemiologic, and financial data in a transparent way.
Facilitating integration
The integration of program elements provides an important method to reduce the transaction and administrative costs of organizing program activities and sub-activities. The similarity of the strategic approaches for the five NTDs targeted through PC delivery and the epidemiologic overlap among affected populations generate significant integration opportunities [2] . Greater program efficiencies are expected as individual disease programs integrate and reach 100% geographic coverage. As NTD programs progress, they are frequently able to improve coordination and practices, limit wasteful use of resources, and enable staff specialisation, among other cost advantages [9] . As previously mentioned, the TIPAC provided a useful platform for countries to identify integration opportunities and outline mid-to long-term program strategies.
While these efficiencies may lead to some cost savings, a consistent decrease in costs over time is not always expected for certain activities. For example, turnover rates among government staff and volunteers will generate a continuous need to retrain personnel. Programs also experience diseconomies of scale and scope when targeting hard-to-reach populations. In addition, costs may increase towards the end of a program's lifespan, when impact assessments are implemented to monitor the effectiveness of interventions and to measure progress towards control and elimination goals. It is therefore important to not rely exclusively on financing estimates based on average costs that assume that costs will monotonically decrease over time.
Conclusions
Implementing the TIPAC in these four countries offered an opportunity to assess the feasibility of using a versatile costing instrument to inform and facilitate resource planning. In the study countries, the TIPAC provided results that were concordant with the objectives of tool use; the implementation process also helped identify key lessons to improve future use. Populating the tool promoted synergistic efforts between national NTD programs and partners to estimate costs accurately, coordinate activities, identify integration opportunities, and achieve program goals to control and eliminate targeted diseases. Although the TIPAC is not a substitute for the strategic process of developing a national plan of action, it should strongly align with this document to improve resource planning. Once the financial landscape is evaluated through the TI-PAC, a program manager can better decide the rate at which scale-up is possible, what activities should be postponed until funding is available, and the N Comprehensive data collection: tool use promotes the collection of programmatic, epidemiologic, and financial data; these data can also be used by countries for other purposes (e.g., national budgeting or research).
N Itemized costing: enhances program transparency, encourages activity integration, and helps inform funding requests.
N Long-term outlook: multiyear planning improves the accuracy and validity of the data and facilitates the identification of long-term cost efficiencies.
N Tool versatility: the data entry process is flexible, and most inputs can be adjusted based on the needs of individual programs, including those targeting non-PC NTDs; a generalized version of the tool is also available for use by other programs (e.g., indoor residual spraying for malaria control).
Limitations
N Inter-user variability: the quality of the results depends on the accuracy and integrity of the inputs; in-country assistance from a trained facilitator is recommended to introduce the TIPAC to program managers and to provide technical support during the initial implementation round.
N Prospective planning exercise: may adversely affect the validity of data if a user believes that entering higher costs will increase funding; it is important to involve the national personnel responsible for finances and other stakeholders when estimating costs.
N Time-intensive: ten working days were usually needed to populate the TIPAC; however, the duration of the data entry process is shortened once users become accustomed to the tool and are able to use stored information from previous years.
quantity of drugs needed to support program activities.
Since the development of the TIPAC for national NTD control programs, the tool has also been modified and generalized for wider applicability. It has been adapted as a platform to cost and plan malaria control activities (e.g., indoor residual spraying [IRS] ) and HIV programs. Additionally, a generic version of the tool is being developed that can be applied to other health interventions. The impetus to apply the TIPAC process to other projects is due to the growing need for national programs and donors to demonstrate efficiencies and to collaborate when scaling-up activities and forecasting future needs.
The TIPAC was recently recognized by WHO as a recommended planning and costing tool for national NTD programs [25] . It can be used on an annual basis for PC drug applications to populate the WHO Joint Request for Selected PC Medicines. Partners are also working with WHO, WHO-AFRO, and other regions to introduce capacity building workshops for the tool. Overall, the implementation of the TIPAC in multiple countries provided a unique opportunity to assess the challenges of applying a costing instrument for country programs. The data and lessons gathered from this experience will help standardize NTD control and elimination planning. 
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